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Previous articles have hypothesized that doppler rms phase jitter (noise) is propor-
tional to integrated signal path electron density. In this article, observations of Viking
differenced S-band/X-band (S-X) range are shown to correlate strongly with Viking
doppler noise. A ratio of proportionality between downlink S-band plasma-induced range
error and two-way doppler noise is calculated as:

Downlink S-band plasma range error o meters

2-way S-band doppler noise mHz

A new parameter (similar to the parameter € which defines the ratio of “local” electron
density fluctuations to mean electron density) is defined as a function of observed data

sample interval (7):

0.7
’ — —4 T
€(r)=79X 10 [——60]

where the time-scale of the observations is 1571, This parameter is interpreted to yield the
ratio of “net” observed phase (or electron density) fluctuations to integrated electron
density (in rms meters/meter). Using this parameter and the “thin phase-changing screen”
approximation, a value for the scale size L is calculated:

2
.- [7.9x10—4] [_7_}1'4
— 4 € 60

To be consistent with Doppler noise observations, it is seen necessary for L to be
proportional to closest approach distance a, and a strong function of the observed data
sample interval, and hence the time-scale of the observations.

172



l. Introduction

Previous articles have presented empirical evidence which
suggests that doppler noise (rms phase jitter) is proportional to
integrated signal path electron density. Strong as this
hypothesis may have been, it was strictly circumstantial in that
independent measurements of total columnar electron content
were not available for comparison to doppler noise data. With
the advent of the first Viking Solar Conjunction, differenced
S-X range (S-band range minus X-band range) provided a
readily accessible measurement of total columnar electron
content for comparison to doppler noise. This report utilizes
preliminary Viking differenced S-X range (provided by
T. Komarek, Ref. 1) and Viking doppler noise to demonstrate
a strong correlation between S-band plasma range error and
S-band plasma induced doppler noise. Using these two data
types, values have been calculated which relate S-band two-
way doppler noise to S-band downlink plasma range error and
total columnar electron content. Using the relationship
between doppler noise and differenced S-X range, a new
parameter is defined which is interpreted as yielding the ratio
of “net’”” observed phase (and hence electron density) fluctua-
tions to total columnar electron density. Utilizing this new
parameter, various observations are made in reference to the
“thin phase-changing screen” theory.

Il. Comparison of Differenced S-X Range
to Doppler Noise

Figure 1 presents differenced S-X range from Ref. 1 and
Fig. 2 presents Viking two-way S-band doppler noise; in addi-
tion, the range values from Fig. 1 have been plotted on Fig. 2.
Inspection of Fig. 2 discloses an immediate and very strong
similarity in the range and noise signatures between DOY 261
and DOY 306, 1976. The conversion value which (arbitrarily)
causes the range data to overlie the doppler noise data in Fig. 2
was calculated to be approximately:

23 RU
mHz

The differenced S-X range in RU is converted to downlink
S-band plasma range error in meters as follows:

S-band AR, meters = - 1

——  S-X AR, RU

_§1.08
_{3.53 }S'X AR, RU

=0.306 S-X AR, RU

and
one-way S-band noise = —\/—%— two-way S-band noise

Therefore, the conversion between meters and mHz is:

meters
10 mHz

23 {1.08/3.53} meters _
{1//Z } mHz

From Ref. 2 one has the conversion between columnar elec-
trons and meters of range error for downlink S-band:

1.31 X 107 electrons/m?
meter

which yields

1.31 X 10'8 electrons/m?
mHz

Table 1 provides a variety of additional conversion factors
between plasma range error and plasma induced doppler noise.

As a further example of the proportionality between
plasma range error and doppler noise, a range acquisition
performed by DSS 14 on DOY 331 while tracking Viking
Orbiter 1 (at an SEP ~0.58 deg; information provided by
A. Zygielbaum (Ref. 3)) produced an S-X range error! of:

meters _

61 us X 300 18 km

During the same pass, a two-way pass average doppler noise
value of 3533 mHz was recorded, or:

meters _

3533 mHz X 6.5
mHz

23 km

This agreement is quite good, particularly if one considers that
the constant of proportionality between plasma range error
and doppler noise (23 RU/mHz) was determined at approxi-
mately 35 mHz, or at a plasma level two orders of magnitude
different (less) than the plasma level in this example.

! This value is a preliminary estimate and the range acquisition(s) is still
subject to final determination of validity.
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lll. Calculation of a New Electron Density
Fluctuation Parameter: ¢'(7)

From Ref. 4 one has the following expression for rms

(temporal) phase error:

A¢(rad)=2.8 X 10715 (A\ImAR

where:

A = wavelength, meters
=0.131
n = electron density fluctuation

AR = distance along the signal path
if one defines:
N, (R, 1) = instantaneous electron density, electron/m3

then the mean electron density becomes:
1 t
N, (R) =7 / N, (R, t)dr
Jo
and the (rms) electron density fluctuation is:

1/2

t
n(R) = l{/ V(R £) - N, (R)} 2 dr
0

The ratio of “local” electron density fluctuation to mean
electron density is frequently defined as:

With respect to doppler noise observations, there are two
difficulties with the parameter e. First, this ratio is frequently
treated as a constant in the literature, whereas it should more
correctly be considered as a function of the pertinent time-
scale, as electron density fluctuations are well known to span a
wide range of time-scales, from fractions of a second to hours,

174

days, weeks. Second, there is no way of explicitly knowing?
the value of e from received doppler noise. Instead, a new
parameter:

€'(r)
where
7 = data sample interval, seconds
and?

157 = time-scale

will be defined, and which will be expected to yield the ratio
of net observed columnar electron density fluctuation to
(total) columnar electron density (in rms meters/meter).

Suppose, then, by extrapolation of the previously detailed
phase error expression from Cronyn (Ref. 4), that observed
phase fluctuations can be obtained by taking the rms value of
local electron density fluctuation along the signal path times
the signal path distance, but also times a ratio which expresses
the proportionality between net observed electron density
fluctuation and local electron density fluctuation. In terms of

€'(7), this ratio becomes:
e'(r) }
€

€'(r) is anticipated as a function of time-scale but nor of
geometry, and as previously mentioned, € should also be
considered as a function of time-scale. RMS phase fluctuation
(observed) is then defined as:

R 1/2
{n}? dR

o[

2Deduc'mg the value of e from Earth observations of scintillation, phase
fluctuation, etc, has evoked much theoretical analysis during the past
decade, but no definitive, widely accepted solutions have been pro-
duced.

1

= —15 ——

D g = 28X 10715 ] {
0

The doppler noise utilized in this study is the output from the
Network Operations Control Center (NOCC) Psuedo Residual
program. Pass average doppler noise is abstracted from a “running”
standard deviation calculated about a least squares linear curve fit to
the most recent 15 samples. Hence the time scale is considered to be
15 times the data sample interval, or 157.



By using this definition for observed phase fluctuations in
conjunction with the observed relationship between phase
fluctuations (doppler noise) and integrated signal path electron
density (S-X range) from SectionIl, information will be
obtained about €'(7) and the ratio €'(7)/e.

It is easy to show (see the Appendix) that:

1/2 R
,:Rf {n(R)}? dR] zef N, (R)dR
0 0

~ el

where
R
I= / N, (R)dR
JO
so that if:
- vz
6, =28X 10715 ] {Rj )2 de [5—6@]
o f
then:

¢ (rad) =2.8X 1075 [A] {el} [?E(—T)}
=2.8X 10 '3 [0.131] {e'(n1}

=3.66 X 107'® ¢'(N)I

- -16 1 cycle
D )ms (cycles) =3.66 X 10 e (1) [271 rad}

=58X 1077 €'(nI

¢ rms

]
N = ~17 i
(Hz)=58X 10 e(n) [603]
=0.97 X 10718 &' (n)I

¢ (mHz)=097X 107" €' (NI

rms

now:
I
S-band AR, meters = ——————
1.31 X 107
so that:
AR, meters - 1

? e MHZ (131X 10'7)(0.97 X 10715 €'(r)]

=0.0079 meter
€'(r) mHz

using the expression found in Section Il, one has for 60-s
sample interval doppler noise:

meter
10 mHz

0.0079 meter _
€(60) mHz

or:
€'(60) = 0.00079

This value for €'(r) is about 1/25th the value commonly
assigned to e(no time-scale specified) in the literature:

e ~0.02
An interpretation of these two parameters is made as follows:

€'(1): the ratio of observed electron density fluctuation
to total columnar electron density (rms
meters/meter).

€'(7)/e: the ratio of observed electron density fluctuation
to local electron density fluctuation.

If the above interpretation proves correct, then the usefulness
of these two parameters in concert would be:

If one has in situ measurements of ¢ (really e(7))
and Earth observed measurements of ¢'(7), then
theory should be able to correctly predict the
correspondence between the two.
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This author has recently determined (Ref. 5) the depen-
dence between doppler sample interval and doppler noise to
be:

0.3
noise (1) = {noise (60 s)} [670J
or
; 0.3
rms phase (1) = {rms phase (60)} [”6‘6] [—]

where:
7 = doppler sample interval, s

One therefore obtains for the relationship between €'(7) and 7:

€'(1) = €'(60) [6%] [6_70] 0.3

7797
=0.00079 [g(-]-]

This relationship is seen in Fig. 3, as well as in the tabulated
values below:

7,8 €'(7)
1.0 45X 1075
10.0 23X 1074
60.0 79X 1074
600.0 40X 1073
1800.0 8.5% 1073
3600.0 14X 1072

IV. Doppler Noise Observations Compared
to Results Derived From the Thin
Phase-Changing Screen
Approximation

Derivations using the thin phase-changing screen approxi-

mation (for instance Salpeter, Ref. 6, and Ducher, Ref. 7)
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produce an expression for rms phase as follows:

R 1/2
¢ rms = {L f n2 a* } (277)1/4 re A
L 0
R 1/2
o {L[ Nj dR}
0

where:

L =*correlation length”, “irregularity scale size”, etc.
r, =2.8 X107 "% meters

a = closest approach distance

Obviously, considering L as a constant produces an rms phase
fluctuation (= 1/a'-®) which is inconsistent with the radial
dependence of the observed data (« 1/a'*3). Considered values
of L range from 100 km (Ducher, Ref. 7) to 10° km or larger
(Jokipii and Hollweg, Ref. 8, Callahan, Ref. 9).

However, some investigators have proposed that L is a func-
tion of closest approach distance

L xqg

Examples are Cohen and Gundermann, Ref. 10, where:

L aal.os

and Houminer and Hewish, Ref. 11, where:

Laal.o

L proportional to 4 would be exactly the condition required to
bring doppler noise observations into correspondence with rms
phase derivations from the thin phase-changing screen
approximation.

The thin phase-changing screen expression can be compared
to the expression for phase fluctuation presented in Section 11,



but with the integration limited to *a (as performed in the
1/2

Appendix):
a 13
2a / n® dR r A [i(—T)-]
e €
-a

ignoring the difference between /27 and 2, one obtains for
the scale size L:

6 =

rms

VI =v& | £9]

€

or

)

Hence one concludes that the thin phase-changing screen scale
size must be proportional to closest approach distance and is
strongly effected by the time-scale over which observations are
taken. Using the expression for €'(r), one ohtains for L:

2 1.4
e [7.9>< 10—4] [_r_]
€ 60

Figures 4, 5, 6, and 7 present plots of L versus a for various
conditions.

It has been previously suggested that, like €' (7), the local
fluctuation to density ratio e should be considered as e (7). If
one speculates that e (7) has approximately the same depen-
dence upon time-scale (hence 7) as does €' (1), one would
write:

707
€(1) = ¢(60) [86]

and thus the scale size L would simply become a function of
closest approach distance:

[z

This (postulated) relationship for various values of €(60) is
seen in Fig. 8 as well as in the tabulated values below (L in km,
a in solar radii):

€(60) L

10° 43X10'a
107! 43X 10' 4
1072 43X 10%4
1073 43X 10%¢
1074 43X 1074

V. Summation

It has been periodically suggested by this author that
observed doppler noise is proportional to integrated signal
path electron density. The comparison of differenced Viking
S-X range to Viking S-band doppler noise has lent added
weight to this conviction and has resulted in the approximate
determination of the constant of proportionality between the
two. Incorporating this result with the observed functional
dependance of doppler noise upon data sample interval allows
the ratio of net observed rms phase fluctuations to integrated
electron density to be explicitly exhibited as a function of
time-scale (here 15 times the data sample interval). These
results are then applied to define the condition necessary to
bring thin phase-changing screen theory into agreement with
observed doppler rms phase fluctuations:

Lxa

and to establish the relationship between scale size, time-scale,
and the ratio of local electron density fluctuation to electron
density.
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Table 1. Plasma range error and plasma induced doppler noise
conversion factors

Conversion
Plasma/noise combinations Value

Downlink S-band plasma range error 10.0 meters
Downlink S-band doppler noise " mHz
Downlink S-X plasma range error 9.2 meters
Downlink S-band doppler noise " mHz
Downlink S-band plasma range error 7.0 meters
2-way S-band doppler noise " mHz
Downlink S-X plasma range error 6.5 meters
2-way S-band doppler noise " mHz
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Fig. 1. Viking S-X range vs day of year
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Fig. 2. Viking two-way S-band doppler noise and S-X range vs

day of year
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Appendix

Proportionality Between Signal Path RMS Phase Fluctuation and
Integrated Signal Path Density

Proof that if :

il

n
€ -
N

e

R 11/2
{Rf n2dR‘ ~el
0

Let the interval of integration be -4 < R < g as in diagram
below:

then:

e

where:
a =r,sina
r, = Earth-Sun Distance
« = Sun-Earth-Probe Angle

The signal path rms phase fluctuation is then:

a a
R/ nzdR=2a/(eNe)2dR
-a —a
a
=2a ¢ / N2 dR
J—a

N, =K/

a a 1
R/nzdR=2aezK2/ —— dR
4.6
Lo s 7

after the fashion of Ref. 12:

a a d
R n2 dR = 2a €* K> e S
» » (x2 +a2)2'3
2a €2 K? K
- A6
T4
242 €2 K2 / K
4.6
a -nf4

2 12 /4
2626K / cos? w(l - 0.3w?) dw
a2

w4

2€2 K2 / K
a2.6 J-ma
/4

-4

now (assuming):

so that:

asec? wdw
(tan? w + 1)23

(cos w)26 dw

il

cos® w dw

w? cos? w dw:l
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or

Now

182

I

w4

2.6

22
ze’K [{1/2 w + 1/4 sin 2w
a

-n/4

a
=K dx
[, @ +xH)!1s

K T4 sec? wdw
_a2.3 Laja (tan® w+ U1
4
- K (cos w)?-3 dw
1.3
a -m/4
n/4
~ K [w (1- 005 wz)]
1.3
a - /4

Finally,
~a 1/2
R | n*dR 156 [ &
» ’ A3
- . K
[ a2
—a
=1.03¢
hence
® 1/2
R / n? dR
no_ e~ 0
N, - R
/ N_dR
(4
Jo
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